Introduction
============

Low back pain (LBP) remains a highly prevalent condition in both general ([@ref-55]; [@ref-29]; [@ref-30]; [@ref-50]; [@ref-51]; [@ref-28]) and athletic populations ([@ref-13]; [@ref-48]; [@ref-22]; [@ref-5]; [@ref-3]; [@ref-35]; [@ref-19]). The use of resistance training (RT) to reduce injury risk has been suggested ([@ref-47]) and a systematic review has recently reported it to reduce sporting injury risk by one third ([@ref-24]). As evidence seems to suggest that deconditioning of the lumbar extensor musculature (lumbar erector spinae, multifidus, and quadratus lumborum) may be a factor associated with LBP and increased injury risk ([@ref-45]), research has attempted to evaluate the best approaches for conditioning this musculature through RT.

[@ref-26] have suggested differing exercise approaches to condition the lumbar extensors which have recently been reviewed with evidence suggesting that, due to the restraint system preventing rotation of the pelvis, isolated lumbar extension (ILEX) exercise devices may be optimal ([@ref-44]). However, when considering an RT programme, variables such as load, effort, repetitions, repetition duration, volume, frequency, etc. should also be considered ([@ref-2]; [@ref-11]). The manipulation of such variables when employing ILEX has been reviewed when considering patients suffering with chronic LBP for outcomes such as pain and disability ([@ref-46]), but does not exist for asymptomatic people who may be interested in injury prevention.

However, a number of studies have considered asymptomatic individuals, and the effect of RT variable manipulation upon ILEX strength as an outcome examining the volume, frequency, specificity and range of motion during training, considering both previously untrained participants ([@ref-16]; [@ref-7]; [@ref-17]; [@ref-14]) as well as people with RT experience ([@ref-49]). To date there appears only one study ([@ref-14]) which has considered training volume using ILEX but again this was on untrained participants. This research considered participants performing either one or two sets of dynamic and/or isometric ILEX training reporting no differences ([@ref-14]). Set volume in RT has historically been a contentious issue with recommendations supporting multiple set protocols ([@ref-2]) being supported by meta-analyses ([@ref-41]; [@ref-32]; [@ref-54]). Others have however critiqued these meta-analyses ([@ref-53]; [@ref-31]). As the body of literature has progressed, further reviews and meta-analyses have offered support, for multiple ([@ref-23]; [@ref-12]), or single set protocols ([@ref-11]; [@ref-8]) for strength. More recently, further empirical research has examined set volume within RT with some support for multiple set approaches ([@ref-25]; [@ref-36]), and other studies finding no differences between single and multiple set routines ([@ref-40]; [@ref-39]; [@ref-37]; [@ref-21]; [@ref-1]; [@ref-10]; [@ref-4]).

Differentiating between trained and previously untrained participants within the research appears to be an important consideration as it is suggested that the level of trainability affects the interaction of specific RT variable manipulation with outcomes, particularly with respect to set volume ([@ref-12]). In addition, that trained people should perform a larger training volume than untrained people ([@ref-2]). Though [@ref-14] reported no difference between one and two sets of ILEX, the authors only considered untrained participants and did not consider the effects of greater set volumes typically suggested as being optimal for strength (≥3 sets; [@ref-23]). Since RT is shown to be an effective intervention in trained and sporting populations for reducing injury risk, it is of interest to investigate the effects of set volume during ILEX exercise in a trained population looking specifically at the lumbar extensor muscles. As such, the aim of the present study was to consider the effects of single and multiple set ILEX exercise in trained males.

Materials & Methods
===================

Study design
------------

A randomised controlled trial design was adopted with three experimental groups examining the effects of set volume upon ILEX strength in recreationally trained participants. The study design was approved in writing by the relevant ethics committee at the author's institution.

Participants
------------

Participants were required to be males between 18 and 30 years old, have been involved in a RT programme for a minimum of 6 months at a minimum frequency of 2x/week including participation in exercises designed to condition the lumbar extensors ([@ref-26]; [@ref-44]) at the beginning of the study. Furthermore, participants were to have no medical condition for which RT is contraindicated to participate. Specific exclusion criteria included: (1) history of LBP or lumbar spine pathologies or known deformities; (2) currently experiencing LBP; (3) knee or hip disorders contraindicating use of the ILEX device; (4) inability or unwillingness to cease participation in other lumbar conditioning exercises for the duration of the study; and (5) currently taking any illegal ergogenic aids or nutritional supplementation. Written informed consent was obtained from all participants.

Power analysis of research using ILEX ([@ref-16]) was conducted to determine participant numbers (*n*) using an effect size (ES), calculated using Cohen's *d* ([@ref-9]), of 1.26 for improvements in ILEX strength. Participant numbers were calculated using equations from [@ref-52] revealing each group required 10 participants to meet required power of *β* = 0.8 at an alpha value of *p* ≤ 0.05.

Thirty participants were initially identified and recruited. [Figure 1](#fig-1){ref-type="fig"} shows a CONSORT diagram highlighting participant numbers for enrolment, allocation, follow-up and analysis stages. No initial dropouts were recorded after eligibility assessment so 30 participants were randomised using a random drawing of cards to one of three groups; a single set group (1ST; *n* = 10), a multiple set group (3ST; *n* = 10), and a non-training control group (CON; *n* = 10).

![CONSORT diagram.](peerj-03-878-g001){#fig-1}

Equipment
---------

Stature was measured using a stadiometer (Holtan ltd, Crymych, Dyfed, Wales), body mass measured using scales (SECA, Hamburg, Germany) and Body Mass Index (BMI) calculated. Isometric ILEX strength testing, range of motion and training were performed using an ILEX device (MedX, Ocala, Florida, USA). The device has been shown reliable in assessing isometric strength at repeated angles in asymptomatic (*r* = 0.81--0.97; [@ref-15]) and symptomatic participants (*r* = 0.57--0.93; [@ref-42]), and valid in measurement ([@ref-33]; [@ref-20]).
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Participant testing
-------------------

ILEX strength was tested twice, on separate days (at least 72 h apart to avoid residual fatigue or soreness) before with the first acting as a familiarisation, and once after the RT intervention. Each test using the ILEX device involved maximal voluntary isometric contractions at various angles through the participant's full range of motion. Details of the full test protocol using the MedX and its restraint mechanisms have been documented elsewhere ([@ref-15]). ILEX strength averaged across the participant's full range of motion was considered.

Participant training
--------------------

Training was conducted at a frequency of 1x/week for a period of 6 weeks. This frequency of training has been shown to significantly improve ILEX strength and was chosen over more frequent training ([@ref-6]) due to potential for overtraining when the lumbar extensor muscles are isolated ([@ref-16]). Both groups performed one set of variable resistance ILEX exercise. Both performed a warm-up set lasting 60 s using 50% of their training load. Starting training load was 50% of max recorded tested functional torque (TFT) during maximal isometric testing for both groups and repetitions performed until momentary muscular failure (MMF) in order to control for effort ([@ref-43]). Repetitions were performed taking at least 2 s to complete the concentric phase, holding for 1 s in full extension and taking at least 4 s for the eccentric phase. The 3ST group rested for 3 min between each set during which time participants remained seated in the ILEX device with the restraints loosened. Resistance load was increased by 10% in the next session or set once the participant was able to perform more than 12 repetitions using their current load before achieving MMF. However, in order to maintain a similar repetition range for each set in the 3ST group, load was reduced by 5% in the next set if the participant was unable to complete at least 8 repetitions before achieving MMF ([@ref-27]). All groups were asked to refrain from using any other lumbar conditioning exercises for the duration of the study.

Data analysis
-------------

Participants that missed 2 or more sessions were excluded from analysis. Twenty six participants' (1ST *n* = 9; 3ST *n* = 8; CON *n* = 9) data were available for analysis. Assumptions of normality of distribution were examined using a Kolomogorov--Smirnov test. As not all data sets met assumptions of normality of distribution, non-parametric analyses were performed. Demographic characteristics, baseline ILEX strength and the effects of the group (independent variable) upon the absolute change in ILEX strength (dependent variable) was examined using a Kruskal--Wallis one way analysis of variance. Significant results from the Kruskal--Wallis test were further subjected to post hoc planned comparisons using Mann--Whitney U tests between 1ST and 3ST. Further, 95% confidence intervals (CI) were calculated in addition to ES using Cohen's *d* ([@ref-9]) for each outcome to examine significance and magnitude of effects within groups where significant changes were considered where 95% CIs did not cross zero and for magnitudes an ES of 0.20--0.49 was considered as small, 0.50--0.79 as moderate and ≥0.80 as large. Statistical analysis was performed using SPSS (IBM Statistics for Windows, Version 20.0; IBM, Portsmouth, Hampshire, UK) and *p* ≤ 0.05 set as the limit for statistical significance.

Results & Discussion
====================

Participant demographics
------------------------

Participant demographics are shown in [Table 1](#table-1){ref-type="table"}. There were no significant between group effects for any demographic characteristics.
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###### Participant demographic characteristics.

![](peerj-03-878-g003)

                                1ST              3ST              CON
  ----------------------------- ---------------- ---------------- ----------------
  Participants (No.)            9                8                9
  Age (years)                   21 ± 2           21 ± 1           20 ± 1
  Stature (cm)                  174.7 ± 7.6      178.5 ± 8.7      178.4 ± 6.3
  Body mass (kg)                74.3 ± 9.1       78.7 ± 10.3      77.7 ± 7.8
  Training experience (years)   3 ± 1            5 ± 2            3 ± 1
  Baseline ILEX strength (Nm)   277.66 ± 99.99   335.71 ± 80.04   339.84 ± 64.82
  ILEX range of motion (°)      72               72               72

Strength
--------

[Figure 2](#fig-2){ref-type="fig"} shows mean changes and 95% CIs for ILEX strength for each group. The Kruskal--Wallis one way analysis of variance revealed a significant between groups effect for ILEX strength (*X*^2^(2) = 11.645, *p* = 0.003; mean rank for 1ST = 16.22, 3ST = 18.25, CON = 6.56). Planned comparison between 1ST and 3ST using Mann--Whitney U revealed no significant difference for ILEX strength (21.00*U* = 26.000, *p* = 0.336; Median ± Interquartile Range, 28.48 ± 43.49 and 46.30 ± 40.58 respectively). The 95% CIs indicated that both 1ST and 3ST groups significantly increased strength (8.31% and 10.68% respectively) with ESs considered large (0.89 and 0.95 respectively) whereas there was a significant reduction in ILEX strength in the control group (−8.9%) with a moderate ES (−0.53).

Discussion
==========

This study examined the effects of set volume in recreationally trained male participants performing an ILEX RT intervention. The results indicated that both 1ST and 3ST significantly improved their ILEX strength with similarly large ESs, whereas the CON group lost strength over the intervention period. No differences between 1ST and 3ST for ILEX strength change were found as a result of planned comparisons.

Reviews and meta-analyses offer divergent conclusions regarding the effects of set volume ([@ref-11]; [@ref-31]; [@ref-41]; [@ref-32]; [@ref-54]; [@ref-53]; [@ref-23]; [@ref-12]; [@ref-8]). Within this study, and in contrast to earlier research by [@ref-14] examining set volume and ILEX RT, we used trained participants, as it is believed that training status might interact with the effects of set volume ([@ref-12]). In particular, it is recommended that greater set volumes be utilised by trained people ([@ref-2]). The results of this study seem to suggest that, at least for ILEX training, set volume does not impact upon strength changes in trained people. This finding is in agreement with the majority of more recent empirical research regarding set volume indicating multiple sets appear to offer similar efficacy upon strength gains to single set approaches both in untrained ([@ref-36]; [@ref-40]; [@ref-39]; [@ref-37]; [@ref-21]) and recreationally trained participants ([@ref-1]; [@ref-4]). However, research by [@ref-25] in trained males does contrast this. Though they reported no difference between one and four sets, they noted significantly greater strength changes with eight sets. Though this may have been due to this group containing a high proportion of medium/high responders ([@ref-8]), it remains a possibility that a higher set volume than that used in the present study (≥3 sets) may induce greater ILEX strength gains. Indeed, another recent study by [@ref-38] suggests a dose response relationship between 1, 3 and 5 sets in untrained yet active males. However, it should be noted that the lumbar extensors have been suggested to be particularly prone to overtraining ([@ref-16]). All participants within the 3ST group reported feeling nauseous and entirely exhausted (not limited to the lumbar extensors) during training, whereas only one of the 1ST group displayed these symptoms. [@ref-18] reported that dropout rate was higher for a multiple set RT program compared with one employing single set. Twenty-five percent dropped out from the multiple set group (5 for lack of adherence and 2 for injuries) compared with none in the single set group. Though no injuries were reported from our participants due to the training, the potential of increased injury risk and impact of higher volume high effort training upon adherence, in addition to the increased time required, should be weighed against any potential for greater gains with much higher set volumes.

It is worth discussing that ILEX may be unique even when considering trained people. As noted, the participants in this study were previously participating in RT involving exercises suggested by [@ref-26] to condition the lumbar extensors (including deadlifts, good mornings, trunk extension machines etc.). However, though two participants had previously used the ILEX device used in this study (though the specific duration or implementation of this was not known), not all participants had been previously involved in ILEX training specifically. [@ref-34] also reported considerable improvements in average ILEX strength (∼37%) in trained individuals (at least 1 year training experience) engaged in similar exercises prior to ILEX RT interventions (including use of a commercially available trunk extension resistance machine). [@ref-34] speculated that, although these participants had been engaged in exercises intended to condition the lumbar extensors, their lumbar extensors may have in fact been untrained relative to their other musculature. The large ESs in our trained participants further suggests this may be the case. [@ref-44] concluded in their review of the specificity of exercises designed to condition the lumbar extensors that many exercises suggested by [@ref-26] may be inferior to ILEX. Indeed, it may be that the lumbar extensor musculature may become deconditioned relative to other musculature due to the lack of conditioning effect from many typical trunk extension based exercises or movements ([@ref-45]). Our CON group in fact lost ILEX strength over the intervention period highlighting this possibility (though it is unclear as to why a decrease of comparable magnitude to both the 1ST and 3ST groups' increases was found). Thus, it remains possible that set volume may impact upon strength gains in those previously engaged in ILEX RT who thus have trained lumbar extensors. This is an area that requires further investigation.

The practical implications of these findings are of importance. The typical recommendations for a single set approach for ILEX has been noted as time efficient for addressing pain and disability in people with chronic LBP ([@ref-46]). However, as noted, prior reviews have not offered recommendation as to what set volume might be best for ILEX RT for the purposes of conditioning the lumbar extensors ([@ref-44]), something of particular important for those wishing to reduce risk of low back injury ([@ref-47]; [@ref-24]; [@ref-45]; [@ref-46]). This study suggests that a single set approach may be a time efficient method to effectively condition the lumbar extensors. Including the warm-up set, the single set group performed between 1.56 and 2.24 min of exercise, whereas the multiple set group, including between set rest periods, trained for between 9.48 and 11.12 min from beginning exercise to end. Though this may appear a practically small difference, in the context of a training program including a selection of other exercises that are performed using either single or multiple sets this could add up to considerably more training time.

Limitations of the present study should be considered. Though our sample size was similar to other research examining single and multiple set RT, due to drop outs, we fell slightly below the sample size indicated by our power analysis (10 participants). However, calculations of observed power for group effects upon ILEX strength changes were *β* = 0.966, and thus this study can be considered as adequately powered to detect between group differences. Despite the study being adequately powered, the limitations to practical conclusions should be noted. The study was only 6 weeks in duration and thus, although other studies of longer duration have suggested no difference, it remains the possibility that differences between single and multiple set ILEX in trained participants might manifest over longer training durations. Further, recent studies considering the effects of set volume have included greater than 3 sets and suggested that both 5 ([@ref-38]) and 8 sets ([@ref-25]) may produce greater strength adaptations. Whether higher set volumes may produce greater increases for ILEX RT remains to be investigated.

Conclusion
==========

To conclude, the results of this study suggest that strength changes resulting from an ILEX RT intervention in recreationally trained males are unaffected by differing set volumes. We compared one and three set training finding no difference in the magnitude of strength changes that occurred. Both approaches appeared to significantly improve ILEX strength. Thus, we can recommend that a single set approach to ILEX RT is a time efficient and sufficient approach for the purposes of conditioning the lumbar extensors. Indeed, considering evidence that RT can be used for reducing injury risk, this might also represent a time efficient approach for primary prevention of low back injury and pain, and future research should look to investigate this potential.
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###### Raw pre, post and change strength data

###### 

Click here for additional data file.
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